Improvement of recombination efficiency by mutation of red proteins.
The Red recombination system of the bacteriophage lambda is a useful tool for engineering bacterial artificial chromosomes (BACs) because desired mutations can be made in any part of the DNA, even in large DNAs, independent of the presence of appropriate restriction enzyme sites. Many have tried changing the inducible promoter or decreasing the copy number of Red genes in Escherichia coli to improve the recombination efficiency. Here we describe a novel method for increasing the recombination efficiency of the Red system by mutating the Red proteins. Mutant Red alpha and Red beta independently increased recombination efficiency. We found that the 18-bp 5' untranslated region (UTR) upstream from the ATG initiation codon of Gam protein is important for recombination efficiency. Although low rates of recombination have been observed in systems using high copy number plasmids, when we performed Red recombination using a high copy number plasmid containing 5'-UTR, mutant Red alpha, and mutant Red beta, recombination increased approximately 145-fold. The novel possibility that mutant Red alpha and Red beta can increase recombination efficiency indicates a new direction for improving recombination efficiency of expression systems that use low or high copy number plasmids or a defective prophage integrated into the E. coli chromosome.